High potential iron sulfur protein (HIPIP) from the purple sulfur bacterium Thiocapsa roseopersicina was iso lated in the oxidized and reduced form by DEAE-and Sephadex column chromatography (best purity index A 282 nm red JA 385 nm red. = 3.78). The enzyme contains non-heme iron and acid-labile sulfide in an equimolar ratio. The enzyme shows no aconitase activity.
Introduction
During our work on dissimilatory sulfur m etab olism in the purple sulfur bacterium Thiocapsa roseopersicina (Chrom atiaceae) besides a therm o stable, soluble cytochrome c-550, which is involved in sulfide oxidation, we found large amounts o f a high potential iron sulfur protein (HIPIP) [1], HIPIP had been found in some phototrophic bacteria, e. g., in Chromatium vinosum strain D [2], Rhodopseudomonas gelatinosa [3] and Thiocapsa pfennigii [4] , Both, the HIPIPs of Chromatium vinosum and of Thiocapsa pfennigii possess 4 F e -4S per protein molecule [5] . The function of HIPIP in the electron transport system or in sulfur metabolism is still un known. Recently Ruzicka and Beinert [6] reported that the soluble m itochondrial HIPIP from beef heart is identical with aconitase, an enzyme o f the tricarboxylic acid cycle. Here we present some prop erties of the HIPIP of Thiocapsa roseopersicina.
Materials and Methods
T. roseopersicina strain DSM 219 was grown photolithoautotrophically at 30 °C and approxim ately 1000 lx, in Pfennig's m edium [7] , using the trace element solution of Pfennig and Lippert [8] , and then extracted according to Bartsch [9] . After the second DEAE-cellulose column (2 m M Tris-HCl, pH 8.0) the fractions containing most of the cyto chromes and the HIPIP were concentrated by ultra filtration using a PM 10 m em brane (Amicon Cor poration). Besides cytochrome c-550, oxidized and reduced HIPIP was eluted from the second DEAEcellulose column, with 500 ml of 20 m M Tris-HCl, pH 8.0, with a linear NaCl gradient of 0 -0.2 m . Protein was determ ined following the method of Lowry et al. [10] m odified as described by Fischer and Am rhein [11] , Non-heme iron was determ ined by the bathophenanthroline method (Boehringer test com bina tion Nr. 124214) in 1 cm cells at 546 nm. Acid-labile sulfide was determ ined by the method of King and Morris [12] with the following modification: 2 ml enzyme solution; 2.5 ml of 2% zinc acetate solution and 0.25 ml of 5 n N aO H were vigorously shaken for 1 min in a small test tube stoppered with a serum stopper. 1 ml of 0.2% N,N-dimethyl-/?-phenylenediamine in 20% of H 2S 0 4 was added with a syringe, mixed, and then 0.05 ml of 10% ammonium iron sulfate in 2% of H 2S 0 4 was added by a syringe, too. The precipitated protein was then centrifuged for 10 min at 4500 rpm and the absorbancy of the supernatant fluid was read at 670 nm against a blank without protein. Sulfide concentration was taken out of a standard curve.
For flat bed electrofocusing the center fractions of the reduced HIPIP of the second DEAE-cellulose column were combined and dialysed twice against 2 1 of 1 m M Tris-HCl, pH 8.0 over night at 4 °C and then concentrated by ultrafiltration to a total volume of 3 ml.
Flat bed electrofocusing was carried out in a LKB M ultiphor 2117 on "Ampholine PAGplate, pH range 3.5 to 9.5" by the method described by W inter et al. [13] . Instead of 500 ml of distilled water, a mixture of 150 ml methanol and 350 ml distilled water was used for the preparation of the fixing solution, otherwise method 1 [13] was used for fixing and staining the gel. l -2 cm broad destained gel stripes were re-corded in a Beckman Acta M VI gel scanner at 550 nm.
Aconitase activity was m easured by the reduction of N ADP at 340 nm in aqueous solution in a total volume o f 3 ml, by the m ethod described by Rose and O 'Connell [14] . The reaction was started by ad ding isocitratedehydrogenase.
Absorption spectra were recorded in a Beckman Acta M VI spectrophotom eter using 1 cm quartz cells.
All standard chemicals (analytical grade) were ob tained from Merck, D arm stadt; biochemicals from Boehringer Mannheim GMBH and DEAE-cellulose from W hatman Biochemicals Ltd., M aidstone, Eng land.
Results and Discussion
W hile looking for cytochromes involved in dissimilatory sulfur metabolism in the soluble fraction of Thiocapsa roseopersicina we also identified a high potential iron sulfur protein (HIPIP) [1], This was isolated from the second DEAE-cellulose column as a small band of the oxidized purple form and a large band of the reduced green form (Fig. 1) .
When we used the com bined and dialysed center fractions o f the reduced green form o f the HIPIP for flat bed electrofocusing we observed one m ajor band (HIPIP) and two minor bands (Fig. 2) . At the end of the electrofocusing procedure HIPIP can im m edi ately be detected in the unstained gel by its green coulour. On the basis of a control curve for A m pholine PA G plate pH range 3.5 to 9.5 (given in the LKB instruction manual for electrofocusing) an iso electric point for the reduced HIPIP was calculated between pH 4 and 5. The absorption spectra (Fig. 3) revealed the typi cal wavelength m axima in the ultraviolet range: 278 nm and 282 nm and a shoulder at 291 nm. The best ratio for the reduced HIPIP was A 282 n m / A 385 nm = 3.78. Except for minor differences in this region, the data found are nearly identical with those of Thiocapsa pfennigii (277 nm, 283 nm, 291 nm; best ratio A 280 nm /A 375 nm red. = 2.8) [4] and Rhodopseudomonas ge/atinosa (277 nm, 283 nm, 292 nm; best ratio A 283 nm red ./A 388 nm red. = 2.35) [3] . W hen 0.1 ml of 10 mM mercaptoethanol was added to the oxidized form there appeared a small shoulder between 350 -400 nm (Fig. 3 A) . This shoulder was also present in the originally eluted reduced form (Fig. 3B) . It is known that the HIPIPs o f Chromatium vinosum and Thiocapsa pfennigii possess 4 iron atoms and 4 labile sulfur atoms per molecule and are able to transfer a m aximum o f one electron per molecule [5] . When we combined the center fractions o f the green reduced HIPIP (0.5 mg protein/m l) we deter mined 115 nmol non-heme iron and 120 nmol of acid labile sulfide per mg protein. From this result we conclude that in the HIPIP of Thiocapsa roseo persicina non-hem e iron and acid-labile sulfide are in an equim olar ratio ( 1 ; 1) as it is required for other well examined HIPIPs [5] . Until now little is known about the natural function o f this electron carrier protein. Ruzicka and Beinert [6] were able to de monstrate that the soluble HIPIP from beef heart m itochondria is identical with aconitase, on the other hand these authors could not observe aco nitase activity with the HIPIP o f Rhodopseudomonas gelatinosa. This last report is in accordance with our results. We could not observe aconitase activity with the HIPIP from Thiocapsa roseopersicina in the de scribed standard assay.
A nother possible function of HIPIP was reported by Wood and Cusanovich [15] . The authors could show that cytochrome c-552 of the green alga Euglena viridis is reversibly reduced and oxidized by HIPIP of Chromatium vinosum. Complementary to this finding, M izrahi et al. [16] confirmed that cyto chrome c2 of Rhodospirillum rubrum could be re duced or oxidized by the HIPIP o f Chromatium vinosum. These results are of great interest, because Tedro et al. [5] postulated that the high potential iron sulfur protein o f the photosynthetic bacteria may function as a soluble high potential electron transport poising agent, operating between substrate oxidizing pathways and the particulate photo system.
From this point of view Fischer [17] suggested that HIPIP may perhaps act in the electron transport processes between the soluble cytochromes involved in dissimilatory sulfur metabolism of Thiocapsa roseo persicina and the m em brane bound bacteriochlorophyll. F urther studies should help to clear the real function of HIPIP. This study was supported by a grant o f the Deutsche Forschungsgemeinschaft. The author wishes to thank H. G. Trüper for critical reading of the m anuscript and Miss Erika P. Tisler for her excellent technical assistance.
